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Dose Response of Sugar-sweetened Beverage Intake and Risk of
Hypertension Incidence：a Meta-analysis
Zhao Zhenxue, WANG Xin, TAN Kaiwen, ZHAO Chunshan
【Abstract】 Background

Consuming sugar sweetened beverages is prevalent in our country, and excessive

intake can induce the occurrence of several diseases. Several studies at home and abroad have reported the association
between the intakes of sugar sweetened beverages and the risk of hypertension incidence, but controversy remains
on the specific intake dose and the risk of developing the disease. Objective To analyze the dose-response relationship
between the intakes of sugar sweetened beverages and the risk of developing hypertension. Methods A computer
search of cross-sectional and prospective studies on the association between the intake of sugar sweetened beverages
and the risk of developing hypertension was used in databases of CNKI, CQVIP, SinoMed, Wanfang Data, PubMed,
EMBase, Cochrane Library, and Web of Science from inception to November 2021. Two reviewers independently
extracted data, and evaluated the quality of included studies. Stata 16.0 was used for meta-analysis. Results Sixteen
studies with 316 205 subjects were included. Meta-analysis results showed that the intake of sugary drinks increased
the risk of developing hypertension〔OR=1.12,95%CI（1.10,1.15）,P<0.05 〕. Subgroup analyses revealed showed
that a 34% higher risk of incident hypertension was associated with sugar sweetened beverage intake in Asian
population [OR = 1.34, 95% CI (1.20, 1.51), P < 0.05], an 11% higher risk of incident hypertension was associated
with sugar sweetened beverage intake in North American population [OR = 1.11, 95% CI (1.09, 1.14), P < 0.05], and
an 82% higher risk of incident hypertension was associated with sugar sweetened beverage intake in Oceania
population [OR = 1.82, 95% CI (1.04, 3.21), P < 0.05], European populations had an 18% increased risk of developing
hypertension with sugar sweetened beverage intake [OR = 1.18, 95% CI (1.02, 1.36), P < 0.05]; The 43% increased
risk of incident hypertension was associated for minors with sugar sweetened beverage intake [OR = 1.43, 95% CI
(1.21, 1.69), P < 0.05] and the 12% increased risk of incident hypertension for adults with sugar sweetened beverage
intake [OR = 1.12, 95% CI (1.09, 1.15), P < 0.05]; Individuals with normal body mass index (BMI) had a 12% higher
risk of incident hypertension with sugar sweetened beverage intake [OR = 1.12, 95% CI (1.09, 1.15), P < 0.05],
overweight individuals had a 17% higher risk of incident hypertension with sugar sweetened beverage intake [OR =
1.17, 95% CI (1.00, 1.38), P < 0.05], and obese individuals had a 19% higher risk of incident hypertension with sugar
sweetened beverage intake [OR = 1.19, 95% CI (1.06, 1.34), P < 0.05]. The dose-response analysis resulted in a 16%
increased risk of developing hypertension for each additional 1 serving of sugar sweetened beverage intake per day
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(i.e., 12 ounces, approximately about 340 g or 355 ml), [OR = 1.16, 95% CI (1.13, 1.18), P < 0.05]. Funnel plots
of the literature showed basic symmetry, and Begg's test (z = 0.23, P > 0.05) and Egger's test (t = 1.46, P > 0.05)
showed no publication bias. Conclusion Sugar sweetened beverage intake increases the risk of developing
hypertension, and the risk of developing hypertension is increased by 16% for every additional intake of 1 serving of
sugar sweetened beverage per day (i.e., 12 ounces, approximately 340 g or 355 ml), and controlling sugar content is
important for the prevention of hypertension.
【Key words】 Hypertension；Sugar-sweetened beverages；Dose-response；Meta-analysis；Evidence-based
nursing
【Chinese Library Classification Number】R 544.1 【Document Identification Code】A

In recent years, cardiovascular disease has ranked the first among the causes of death in our country [1], and
hypertension has become the first recognized risk factor worldwide [2]. As reported in the "China Cardiovascular
Health and Disease Report 2020 Summary", the number of patients with hypertension in China is 245 million [3], and
the annual number of deaths due to hypertension is now increasing to 2 million [4], which has become a public health
problem that cannot be negligible. Nowadays, the phenomenon of drinking sugar sweetened beverages is widespread
in our country. Sugar sweetened beverages refer to beverages in which monosaccharides or disaccharides are
artificially added during the manufacturing process and the sugar content is ≥ 5% [5]. Excessive intake can increase
the risk of developing diseases such as overweight, obesity, diabetes, hyperlipidemia

[6-8],

which seriously threaten

people's quality of life and their lifespan. Currently, the association of sugar sweetened beverages with hypertension
has been reported in several studies [9-11], but controversies remain in relation to intake and risk of morbidity [12-13].
Therefore, this study aimed to analyze the association between the intake of sugar sweetened beverages and the risk
of developing hypertension, and further quantitatively assess the risk to provide strong support for the future
development of prevention programs for hypertension.
1

Materials and Methods

1.1 Source of data
Use computer to search CNKI, VIP, China Biotechnology Medical Literature Service System, Wanfang Data
Knowledge Service Platform, PubMed, EMBase, Cochrane Library, Web of Science. Subject headings were searched
in Chinese databases, such as Sugar-Sweetened Beverage and Hypertension, and Sweetened Drinks, SugarSweetened Soft Drinks, SSB, high blood pressure, etc.; Studies on the association of sugar sweetened beverage intake
with the risk of developing hypertension were retrieved from foreign databases using subject headings, such as sugar
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sweetened beverage and hypertension, and sweetened drinks, sugar sweetened soft drinks, SSB and high blood
pressure. The time frame for retrieval was from the construction of the library until November 2021.
1.2 Inclusion and exclusion criteria
Inclusion criteria: (1) cross-sectional and prospective studies; (2) subjects without hypertension; (3) exposure
factors were intake of sugar-sweetened beverages; (4) outcome indicator was hypertension; (5) data were complete
with odds ratio (OR) and 95% confidence interval (95% CI). Exclusion criteria: (1) duplicate literatures; (2) abstracts
only and literatures without data; (3) conferences and reviews literatures in this category; (4) literatures containing
artificial sweeteners or very low-energy beverages.
1.3 Data extraction and literature quality evaluation
Independently extracted from literature data by each of the two investigators, checked interchangeably, and were
adjudicated by a third investigator in case of disagreement. Data extracted included the first author, time of
publication, country, age, type of study, years of follow-up, gender, ORs and their 95% CIs for the risk of developing
hypertension in the highest dose group compared with the lowest dose group, range of intake, and correction factors.
Cross sectional studies were evaluated using the criteria recommended by the agency for healthcare research and
quality (AHRQ) [14] for cross-sectional studies with a total of 11 entries, and the contents of each entry were "yes",
"no" or "unclear", "yes" was counted as 1, and "no" or "unclear"

were all scored as 0. Among them, 0-3 was

classified as low quality, 4-7 as moderate quality, and 8-11 as high quality. The prospective study was evaluated using
the Newcastle Ottawa scale (NOS) [15], and a total of 8 entries, of which the "comparability" entry scored 2 points,
and the other 7 entries scored 1 point, respectively, with a total score of 9 points, and ≥ 6 points indicating high
quality of the literature.
1.4 Statistical methods
Analysis was performed with Stata 16.0 software. The effect size of enumeration data was expressed by OR and
95% CI

, and the data were combined using the meatn command. Heterogeneity analysis was performed by I2

[16]

value: I2<50% indicated less heterogeneity, and a fixed-effects model was used; otherwise, a random-effects model
was used. Combined Begg's and Egger's [17] to quantitatively test whether there was publication bias. Sensitivity
analysis was used to determine whether the results were stable. P<0.05 was considered to be statistically significant.
The dose-response analysis was carried out using the generalized least squares method, and the testparm
command was used to judge the linear relationship [18], and it was verified by fitting based on the glst command. The
doses varied across studies, and conversion equation was used as 1 sugar-sweetened beverage = 12 ounces, and 1
ounce was about 28.35 g or 29.57 ml, and the lowest dose group consuming sugar-sweetened beverages in each study
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was set as the reference group, and the other as the intake dose groups in different closed intervals using the mean of
the upper and lower doses; for the highest dose group in the open interval, the highest dose was calculated by adding
1/2 of the group distance from the upper group.
2. Result
2.1 Literature screening
A total of 2 050 related literatures were obtained from the preliminary screening, and 16 literatures were included
according to the inclusion and exclusion criteria [19-34]. The literature search process was shown in Figure 1.

A total of 2050 Chinese and English databases were searched:
CNKI 104, Wanfang 565, VIP 52, Pubmed 97, EMBASE 253, Cochrane
Library 137, CBM 302, Web of science 540.
Eliminate 682 duplicate literatures
Initially included 1368 articles
Eliminate 1220 articles that do not fit the theme
Read 148
abstracts

titles

and
86 articles that did not meet the inclusion and
exclusion criteria were excluded

Browse the full text of 62
articles

16 articles were finally
included

27 papers could not be extracted, 2 papers were
published repeatedly, 8 papers were conferences
and reviews, and 9 papers did not match the type
of beverage

Figure 1 Flow chart of literature screening
2.2 The basic characteristics and quality evaluation of the included literature
A total of 316 205 subjects were included in 16 studies; 3 were cross-sectional studies [19-21], 13 were prospective
studies [22-34], 5 were in the United States [28-30, 32, 34], 3 in Spain [24-25, 31], 3 in South Korea [22-23, 33], 3 in China [19-21], 1
in Iran [26], and 1 in Australia [27]; all studies were adjusted for confounding factors; All 16 articles were of high quality,
as shown in Table 1.
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Table 1 Basic features of included studies
First author

Time of

Nation

publicat

Number of cases/

Age(years

sample size

)

Type of Study

Follow-

Gender

Corrected

up period

ion

OR

2018

Correction factora

Quality

value（95%CI） lowest

(years)

Score

dose/highest

(year)
HE[19]

Intake rangeb

(points)

dose
China

202/2032

6-18

Cross-sectional

/

Men

and

1.19(0.70~2.02)

0/>120 ml

Factor 1, Sedentary behavior, Diet

9

and

1.40(1.15~1.70)

not specified

School, Education, Meat, Snack intake

8

Women

1.50(0.50~5.20)

1/>500 ml

Factor 1, Factor 2, Meat, Fruit, Jelly/Honey

8

Men

1.20(0.50~3.10)

Women

1.97(1.23~3.14)

women
QIN[20]

2018

China

452/10091

CHAN[21]

2014

China

179/1399

9-12

Cross-sectional

/

Cross-sectional

/

Men
women

KANG[22]

2017

Korea

521/1328

12-16

1309/4591

40-69

Prospective

10

Foods
0/ ≥ 4 ser/w

Factor 1, Factor 2, Education, Income level,

8

BMI, Energy intake, Fat percentage, Fiber
intake, Disease
KWAK[23]

2018

Korea

1175/5775

40-69

Prospective

10

Men

and

1.21(1.02~1.45)

0/3.50 ser/w

women

Factor 1, Factor 2, Total energy intake, Income

7

status, Intake of grains, Dairy products, Fish,
Sodium ,Potassium

BARRIO

2013

Spain

1464/8157

36

Prospective

6

LOPEZ[24]

Men

and

1.05

2.4 ser/w

（0.85~1.30）

women

Factor 1, Factor 2, BMI, Soft drink intake,

7

Total energy intake, Red meat, French fries,
Fast food consumption, Mediterranean diet

FERREIRA

2016

Spain

206/240

67

Prospective

2

PÊGO[25]

Men

and

1.09(1.04~2.80)

<1/>5 ser/w

women

Factor 1, BMI, Dietary variables, Mean

7

consumption during follow-up, Mean total
energy intake

MIRMIRAN
[26]

2015

Iran

47/424

6-18

Prospective

3.6

Men
women

and

2.74(1.05~7.19)

1.12/100 ml

Factor 1, Energy intake, Family history of
diabetes, Dietary fiber, Tea, Coffee, Meat,
Vegetables, BMI
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AMBROSIN

2013

Australia

I

587/1433

14，17

Prospective

3

537/1433

Men

1.01(0.40~2.40)

Women

2.70(1.30~5.60)

0/2 876 g/d

Factor 1, Puberty, Diet, Income, BMI, Eating

8

pattern score

[27]

DUFFEY[28]

2010

America

609/2639

18-30

Prospective

20

Men

and

1.06(1.01~1.12)

not specified

Factor 1, Factor 2, Race, Weight, Food Energy

7

and

1.20(0.90~1.60)

0/ ≥ 2 ser/d

Factor 1, Smoking, Fat intake, Total calories,

7

women
DHINGRA[2

2007

America

1377/6449

52.9

Prospective

4

9]

COHEN[30]

Men
women

2012

America

42022/88540

38-53

Prospective

28

Men

Glycemic index
and

1.12(1.08`1.17)

<1/ ≥ 1 ser/d

women

OREA[31]

Vitamins, Carbohydrate intake, Calories, Oral

2012

21873/97991

31-40

16

Women

1.17(1.11~1.23)

2012

13439/37360

42-61

22

Men

1.06(0.99~1.14)

1308/13846

34-42

8.1

Men

2014

Spain

Prospective

Factor 1, Factor 2, Race, Family history,

and

1.34(1.09~1.65)

8

contraceptives, Pain relievers
0/ ≥ 7 ser/w

women

Factor 1,

Factor 2,

BMI, History of

7

hypertension, Hypercholesterolemia, Total
energy, Sodium, Potassium, Vegetables, Meat

LEE[32]

2017

America

3553/15713

19-64

Prospective

4

Men

and

1.18(1.04~1.33)

not specified

women
KIM[33]

2012

Korea

3044/9950

≥19

Prospective

3

Men

Factor 1, Factor 2, Income, BMI, Days eaten,

7

Daily Energy Intake
and

1.50(0.84~2.68)

1/ ≥ 3 time/d

women

Factor 1, Factor 2, BMI, Caloric intake,

8

Ethnicity, Sodium and potassium intake,
History of diabetes

NETTLETO

2009

America

843/6814

N[34]

45-84

Prospective

2

Men
women

and

1.17(0.95~1.45)

0/ ≥ 1 ser/d

Factor 1, Ethnicity, Energy intake, Smoking
status

Note: Factor 1 includes gender, age, physical activity; Factor 2 includes smoking, drinking; ser/w=serving/week, ser/d=serving/d, time/d=serving/d, BMI=body
mass index; — = no content
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2.3 Association of sugar-sweetened beverage intake with risk of hypertension incidence
The heterogeneity of the 16 literatures [19-34] was low (I2=46.10%, P=0.013), and the fixed-effects
model was used for the analysis. Meta-analysis showed that sugar-sweetened beverage intake
increased the risk of developing hypertension [OR=1.12, 95%CI (1.10, 1.15), P<0.05], as shown in
Figure 2.

Figure 2 Forest plot of sugar-sweetened beverage intake and risk of hypertension incidence
2.4 Subgroup analysis
The results of regional subgroup analysis showed that sugar-sweetened beverage intake
increased the risk of developing hypertension by 34% in Asian population[19-23, 26] [OR=1.34, 95%CI
(1.20, 1.51), P<0.05], by 11% in North American population[28-30, 32-34] [OR=1.11, 95%CI (1.09,
1.14), P<0.05], by 82%

in Oceanian population [27] [OR=1.82, 95 %CI (1.04, 3.21), P<0.05], and

by 18% in European population [24-25, 31] [OR=1.18, 95%CI (1.02, 1.36), P <0.05], as shown in
Figure 3.
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Figure 3 Forest plot of the relationship between sugar-sweetened beverages intake and the
risk of developing hypertension in populations by region
The results of age subgroup analysis showed that sugar-sweetened beverage intake increased
the risk of developing hypertension for minors (age <18 years old)

[19-21, 26-27]

by 43% [OR=1.43,

95%CI (1.21, 1.69] ), P<0.05], and for adults (age ≥ 18 years old) [22-25,28-34] by 12% [OR=1.12,
95%CI (1.09, 1.15), P<0.05],

as shown in Figure 4.

Figure 4 Forest plot of the relationship between sugar-sweetened beverages intake and the risk of
hypertension in minors and adults
Subgroup analysis of body mass index (BMI) showed that sugar-sweetened beverage intake
increased the risk of developing hypertension by 12% in those with normal BMI (18.5kg/m2 ≤
8 / 17
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BMI<24.0 kg/m2) [19, 21-23, 26-28, 30-31] [OR=1.12, 95%CI (1.09, 1.15),P<0.05], by 17% in overweight
people (24.0 kg/m2 ≤ BMI<28.0 kg/m2) [25, 29, 34] [OR=1.17, 95%CI (1.00 , 1.38), P<0.05], and by
19% in obese people (BMI ≥ 28.0 kg/m2)[32-33] [OR=1.19, 95%CI (1.06, 1.34) , P<0.05], as shown
in Figure 5.

Figure 5 Forest plot of the relationship between sugar-sweetened beverages intake and the risk of
developing hypertension in populations by BMI
2.5 Meta-analysis of dose-response relationship
A total of 11 prospective studies were included

[22-25, 27, 29-34]

using the testparm command to

test whether there was a curve relationship, and the results showed that χ2=5.37, P=0.068 (P>0.05),
indicating a linear relationship. Further verification by glst command fitting showed that χ2=13.27,
P<0.001, indicating that there was a positive linear relationship between sugar-sweetened beverage
intake and the risk of developing hypertension i.e., for each additional 1 serving of sugar sweetened
beverage per day (i.e., 12 ounces, approximately about 340 g or 355 ml), the risk of developing
hypertension increased by 16% [OR=1.16, 95%CI (1.13, 1.18), P<0.05], as shown in Figure 6.
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Figure 6 Dose-response relationships between sugar-sweetened beverages intake and risk of
hypertension
2.6 Publication bias and sensitivity analysis
A funnel plot was drawn for 16 articles, and the results showed that the funnel plot was
basically symmetrical, and Begg's test (Z=0.23, P>0.05) and Egger's test (t=1.46, P>0.05) showed
no publication bias, as shown in Figure 7. The results of sensitivity analysis showed that excluding
studies one by one had little effect on the stability of the results, and the results of meta-analysis
were relatively stable. Deleting the study of DUFFEY et al. [28], the heterogeneity was reduced from
46.1% to 37.7%, which may be one of the reasons for the heterogeneity.
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Figure 7 Funnel plot assessing the potential publication bias in included studies on sugarsweetened beverage intake and risk of developing hypertension
3. Conclusion
The meta-analysis of this study shows that sugar-sweetened beverage intake is associated with
the risk of developing hypertension, which is consistent with the findings of KIM et al.

[35]

. The

results of subgroup analysis show that there are regional differences in the intake of sugar-sweetened
beverages, which is consistent with the conclusion of FARHANGI et al. [36]. The study finds that
populations in Oceania and Asia have the highest incidence, and populations in Europe and North
America have a relatively low risk. The possible reason for this is that people in Oceania and parts
of Asia prefer sweets, and excessive sugar intake causes overweight and obesity, which in turn
causes hypertension [37]. However, carbohydrates do not dominate the dietary structure in Europe,
and low intake reduces the risk of developing hypertension [38]. In addition, the higher taxation on
sugar-sweetened beverages in North America [39] indirectly enhances the awareness of sugar control.
Muscle content and genes differ among geographically diverse populations and may contribute to
the pathogenesis of hypertension. Furthermore, the present study finds that the risk of incident
hypertension is higher among minors than among adults. Possible reasons for this are that sugar
sweetened beverages increase the dietary glycaemic load, causing inflammatory responses, insulin
resistance and impaired β-cell function [40], whereas children and adolescents with underdeveloped
physical function, weaker metabolic capacity than adults, have a greater impact on blood pressure
fluctuations and are predisposed to the development of hypertension [41]. The present study finds
that BMI was associated with the risk of hypertension incidence, with the lowest risk among those
with normal BMI, whereas the risk is significantly higher among those who were overweight and
obese. Consistent with the conclusion of Yang Lirui [42], obesity is an independent and primary risk
factor for hypertension, which may be caused by excessive adipose tissue proliferation, leading to
several diseases such as water and sodium retention, excitation of sympathetic nerve system,
stimulation of sodium re-absorption and thus increasing blood pressure [43].
The dose-response analysis in this study shows that there is a positive linear dose-response
relationship between the two. For each additional serving of sugar-sweetened beverages (i.e., 12
ounces, or about 340 g or 355 ml), the risk of developing the disease increased by 16% in the
consuming group compared with the non-consuming group. This result is consistent with the
11 / 17
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findings of XI et al.

[44]

. However, the mechanism is not yet clear. The possible reason is that it

increases the risk of overweight and obesity [45-46], and induces elevated blood pressure. The main
component of sugar-sweetened beverages is fructose [47], and excessive intake increases the dietary
glycemic load and causes several complications such as obesity, type II diabetes and metabolic
syndrome. Some studies have found that fructose can deplete adenosine triphosphate (ATP) and
increase uric acid, causing hyperuricemia [48], activating the renin-angiotensin system, leading to
acute endothelial dysfunction and chronic water and sodium retention and elevated blood pressure
[49-50]

.Compared with sugar-sweetened beverages, intake of sugar-free beverages was inversely

associated with blood pressure, while intake of fructose and glucose were directly associated with
blood pressure. Blood pressure decreases after the intake of sugar sweetened beverages is reduced
[51].

In addition, sodium is a risk factor for hypertension, and increased sodium re-absorption after

fructose intake can also lead to hypertension [52]. According to the Dietary Guidelines for Chinese
Residents (2016), it is advisable for healthy people to consume no more than 25 g of sugar per day
[5].

Therefore, sugar intake ≤ 25 g may be a protective factor of hypertension. It is recommended to

reduce or stop drinking sugar-sweetened beverages, strictly control sugar intake, eat a healthy diet,
and enhance disease prevention awareness.
Limitations of this study: First, differences in data collection in observational studies may
affect the results of this study. Secondly, the recording units of drinking frequency are inconsistent.
Although the unified conversion is carried out in this analysis, it is still subjective and may affect
the analysis of the results. Only one study from Oceania was included in this study, the subgroup
analysis may be biased, and further studies are needed in different regions, the types and specific
ingredients of sugar-sweetened beverage intake, seasonal changes in intake, and the living habits of
the population to ensure the accuracy of research analysis.
In conclusion, based on meta-analysis of cross-sectional and prospective studies, this study
indicates that sugar-sweetened beverage intake is associated with the risk of developing
hypertension. According to different regions and different age groups, detailed classification and
quantitative analysis are carried out. Increasing the intake of sugar-sweetened beverages can
increase the occurrence of hypertension, and it is necessary to further improve the awareness of
sugar control and disease prevention. The results of this study provide strong support for the
formulation of hypertension prevention programs and sugar-sweetened beverage control policies in
12 / 17
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the future. At the same time, large-sample data literatures need to be included to provide a reliable
basis for the prevention and control of hypertension.
Author's contributions: Zhao Zhenxue proposed article topic selection, formulated retrieval
process, retrieved literature, wrote paper and made revision; Zhao Zhenxue, Wang Xin, Tan Kaiwen
conducted literature retrieval and collection, literature content and data extraction and sorting, and
statistical processing; Zhao Chunshan was in charge of the article's research Quality control and
proofreading, responsible for the overall article supervision and management.
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